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We theoretically address the problem of cubic B20 helimagnets with small concentration c 1 of
defect bonds in external magnetic field H, which is relevant to mixed B20 compounds at small dopant
concentrations. We assume that Dzyaloshinskii-Moriya interaction and the exchange coupling con-
stant are changed on imperfect bonds which leads to distortion of the conical spiral ordering. In
one-impurity problem, we find that the distortion of the spiral pitch is long-ranged and it is governed
by the Poisson equation for an electric dipole. The variation of the cone angle is described by the
screened Poisson equation for two electric charges with the screening length being of the order of
the spiral period. We calculate corrections to the spiral vector and to the cone angle at finite c.
The correction to the spiral vector is shown to be independent of H. We demonstrate that diffuse
neutron scattering caused by disorder appears in the elastic cross section as power-law decaying
tails centered at magnetic Bragg peaks.
PACS numbers: 75.10.Jm, 75.10.Nr, 75.30.-m, 75.30.Ds
I. INTRODUCTION
More than fifty years ago it was shown that lacking
of inversion center between two magnetic ions leads to
an antisymmetric exchange called Dzyaloshinskii-Moriya
interaction (DMI).1,2 Competition between Heisenberg
symmetrical exchange interactions and DMI can result in
spiral magnetic structures.3 Despite many years passed
since the spiral magnetic ordering was observed for the
first time in magnets with DMI, helimagnets attract great
interest in the present time. This interest is stimu-
lated, in particular, by rich phase diagrams and exotic
spin structures which arise due to DMI in some helimag-
nets. Phases with such topological states as chiral soli-
ton lattices4 (e.g., in layered helimagnet CrNb3S6) and
skyrmion lattices consisting of close-packed magnetic ver-
tices in B20 cubic chiral magnets (e.g., in MnSi)5 are
widely discussed now. These materials are attractive not
only from a fundamental but also from a technological
point of view owing to their potential applications in
spintronic devices.
Such mixed B20 compounds as Mn1−xFexGe and
Fe1−xCoxGe attract significant attention now due to
some interesting features. For instance, a quantum crit-
ical point was observed6 in Mn1−xFexSi at certain x∗
which separates phases with long and short range order-
ings7. Then, it was found experimentally that the spiral
vector q depends on the dopant concentration x8,9. At
some critical value xc, it becomes zero and q reverses
upon x variation across this point. This effect arises
due to different relations between structural and mag-
netic chiralities of the pure compounds with x = 0 and
x = 18,10. Microscopically, this behavior should be a re-
sult of a spin interaction change near the dopant ions. At
x 1 and x ≈ 1, dopant ions can be naturally considered
as defects inside an ordered matrix, and the system can
be described by a model of B20 helimagnet with small
amount of defect bonds24. In our recent paper11 we dis-
cussed in detail the spiral phase at zero magnetic field in
this model. We found a remarkable electrostatic analogy
in this problem: the distortion of the spiral ordering by a
single defect is given by a Poisson equation for an electric
dipole. The electrostatic analogy allowed us to find that
a small concentration c of impurities leads to a correction
to the spiral vector proportional to c as it was recently
observed12,13 in Mn1−xFexSi at small x.
In the present paper, we extend our previous analysis11
by introducing an external magnetic field H. We find
that the distortion of the conical spiral ordering by a
single defect is described now by two coupled equations.
The first equation governs the variation of the spiral pitch
at each site which arose also in our previous research11
and has the form of the Poisson equation for an electric
dipole. The second equation describes the variation of
the cone angle and is governed by the screened Poisson
equation for two electric charges, where the “screening
length” is of the order of the spiral period. At finite but
small defects concentration, we calculate a correction to
the spiral vector and find that it does not depend onH. A
correction to the conical angle is also derived. We analyze
the impact of the disorder on elastic neutron scattering.
It is shown that Bragg peaks acquire power-law decaying
tails due to a diffuse scattering caused by impurities.
The rest of the paper is organized as follows. In Sec. II,
we discuss the model and the technique we use in our
calculations. In Sec. III, we present our analysis of B20
helimagnets with defect bonds in the external magnetic
field. Sec. IV contains a summary of results and our
conclusions.
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2II. PURE B20 HELIMAGNET
We use below the well-known Bak-Jensen model of a
cubic B20 helimagnet14 in the form proposed in Ref.15.
The system without defects is described by the follow-
ing Hamiltonian which includes the exchange interaction,
DMI, the anisotropy and the Zeeman energy:
H0 = Hex +Hdm +Han +Hz, (1)
Hex = −1
2
∑
R,R′
JRR′(SR · SR′),
Hdm = −1
2
∑
R,R′
DRR′ · [SR × SR′ ] ,
Han = K
∑
R
(
(SxR)
4
+ (SyR)
4
+ (SzR)
4
)
Hz =
∑
R
h · SR,
where h = gµBH. Without loss of generality, we con-
sider only the nearest neighbor ferromagnetic exchange
interaction with the constant J > 0. DMI arises be-
tween nearest spins and DRR′ is parallel to R−R′ (see
Fig. 1). We assume below the standard situation when
the following hierarchy of the model constants holds:
J  |D|  |K|.
Notice that the anisotropy can be introduced to the
Hamiltonian either in the form of an exchange anisotropy
or in the single-site form (as in Eq. (1)). It is easy to
show, however, that the anisotropy energy depends and
does not depend on the spiral vector magnitude in the
case of the exchange and the single-site anisotropies, re-
spectively. As it is shown below, defects change the spiral
vector. On the other hand, the critical field Hc1 of a tran-
sition from the helical state to the conical one, which is
determined by anisotropic interactions, was shown ex-
perimentally (see Ref.9) to be almost independent of
the dopant concentration. That is why it is reasonable
to consider the single-site cubic anisotropy as the main
anisotropic interaction in the system. It is the anisotropy
that can describe also destroying of the spiral ordering in
pure and mixed B20 helimagnets.9,16
Following Refs.17,18, we introduce a local orthogonal
basis at each site
ζˆR = (aˆ cosqR+ bˆ sinqR) cosα+ cˆ sinα,
ηˆR = −aˆ sinqR+ bˆ cosqR, (2)
ξˆR = −(aˆ cosqR+ bˆ sinqR) sinα+ cˆ cosα,
where aˆ, bˆ, and cˆ are unit, mutually orthogonal, vectors
and α is the cone angle (α = 0 for a plane spiral). Spin
at the site R is expressed as
SR = S
ζ
RζˆR + S
η
RηˆR + S
ξ
RξˆR (3)
and we use the Holstein-Primakoff transformation19 for
x
y
z
J
D
D
D
FIG. 1: Cubic B20 helimagnet with defect bonds (dashed
lines) randomly distributed over the crystal. There are defect
bonds with all three spatial orientations. Exchange constant
J and DMI vectors D are also shown which values differ on
solid and dashed bonds.
the spin components
SζR = S − a+RaR,
SηR '
√
S
2
(
aR + a
+
R
)
, (4)
SξR ' i
√
S
2
(
a+R − aR
)
,
where the square roots a replaced by unity.
Previous analysis9 of the classical energy of the model
(1) shows that q ‖ cˆ and q = D/J in the helical phase.
Besides, cˆ ‖ (111) for K > 0 and cˆ ‖ (100) for K < 0
at H = 0. A competition arises between the anisotropy
and an arbitrary directed magnetic field because cˆ ‖ H
at K = 0 (the cone axis defined by cˆ is parallel to H).
We consider the conical spiral phase with cˆ ‖ H thus as-
suming that the Zeeman energy overcomes the anisotropy
which we neglect below.
By substituting Eqs. (2)–(4) to Eq. (1) we obtain
for the term in the Hamiltonian not containing Bose-
operators (i.e., for the classical energy E)
E
N
= −JS2
(
3− q
2
2
cos2 α
)
−DS2(q · cˆ) cos2 α
− hS sinα, (5)
where we put the lattice parameter to be equal to unity.
Henceforth we retain only terms up to the second order
in small parameter D/J . Minimization of Eq. (5) with
respect to q and α yields
q = cˆ
D
J
, (6)
sinα =
h
h
(0)
c2
, h
(0)
c2 = SD
2/J, (7)
where h
(0)
c2 is the critical field of the second order transi-
tion to the fully saturated phase.
By virtue of conditions (6) and (7), terms linear in
Bose-operators cancel each other in the Hamiltonian (1).
3For terms bilinear in Bose-operators, we obtain within
the second order in D/J
H(2) = H(2)ex +H(2)dm +H(2)z , (8)
H(2)ex = SJ
∑
ν,R
[
2a+RaR
(
1− q
2
ν
2
cos2 α
)
(9)
− (a+RaR+eν + a+R+eνaR)
(
1− q
2
ν
4
(1 + sin2 α)
)
+ (a+Ra
+
R+eν
+ aRaR+eν )
q2ν
4
cos2 α
]
,
where ν = x, y, z denote components in the coordinate
system shown in Fig. 1, eν are vectors of elementary
translations,
H(2)dm = SD
∑
ν,R
qν(eν · cˆ)
[
2a+RaR cos
2 α
− (a+RaR+eν + a+R+eνaR)
1 + sin2 α
2
− (a+Ra+R+eν + aRaR+eν )
cos2 α
2
]
, (10)
H(2)z = h sinα
∑
R
a+RaR. (11)
We omit in Eq. (10) the so-called umklapp terms (see,
e.g., Ref.18), because our calculations show that their
impact on the ground state properties is negligible.
One obtains at h < h
(0)
c2 from Eqs. (6)–(11)
H(2) = JS
∑
ν,R
[
2a+RaR
(
1 +
c2νq
2
2
cos2 α
)
(12)
− (a+RaR+eν + a+R+eνaR)
(
1 +
c2νq
2
4
(1 + sin2 α)
)
+ (a+Ra
+
R+eν
+ aRaR+eν )
c2νq
2
4
cos2 α
]
.
After the Fourier transform, bilinear Hamiltonian (12)
yields the well-known classical spectrum
ε(k) = S|D|k cosα. (13)
In the fully saturated phase (i.e., at h ≥ h(0)c2 ), cosα = 0
and the spin-wave spectrum
ε(k) = h− hc2 + SJk2 (14)
acquires a gap.
III. DISORDERED SYSTEM
We introduce now a disorder in model (1) by changing
JRR′ and DRR′ (so that it remains parallel to the bond)
on some randomly distributed bonds which concentration
in the system is c. The model constants are J ′ = J +uex
and D′ = D + udm on defect bonds. We assume below
only the smallness of c 1 whereas |udm| and |uex| can
be of the order of D and J , respectively.
Let us begin with the one-impurity problem and con-
sider a single defect bond between sites R0 = (0, 0, 0)
and R1 = (0, 0, 1). Corresponding perturbation to the
Hamiltonian reads as
V = Vex + Vdm
= −uexSR0 · SR1 − udmez · [SR0 × SR1 ] . (15)
The analysis below shows that one needs to take into ac-
count only terms up to the first order in D/J in Eq. (15)
to obtain accurate results in the leading order in D/J .
Then, we have for the perturbation from Eqs. (2)–(4),
(6), and (15)
Vdm = −Sudmcz
√
S
2
[
(a+R1 + aR1 − a+R0 − aR0) cosα
− iczq(a+R1 − aR1 + a+R0 − aR0) cosα sinα
]
(16)
+ iSudmcz(a
+
R0
aR1 − a+R1aR0) sinα,
Vex = Suexczq
√
S
2
[
(a+R1 + aR1 − a+R0 − aR0) cosα
− i czq
2
(a+R1 − aR1 + a+R0 − aR0) cosα sinα
]
(17)
+ Suex
[
(a+R0aR0 + a
+
R1
aR1 − a+R1aR0 − a+R0aR1)
+ iczq(a
+
R1
aR0 − a+R0aR1) sinα
]
.
One can see from Eqs. (16) and (17) that defect bonds
provide linear terms in Bose-operators. This signifies
that the bare ground state (conical spiral) is modified by
impurities. To eliminate the linear terms in the Hamil-
tonian, we perform the following shift in Bose-operators:
aR = bR + ρR = bR + ρ
′
R + iρ
′′
R, (18)
a+R = b
+
R + ρ
∗
R = b
+
R + ρ
′
R − iρ′′R,
where real parameters ρ′R and ρ
′′
R has to be chosen such
that linear terms in Bose-operators vanish in the Hamil-
tonian. Notice that spin representation (4) with the trun-
cated square roots can be used only if the “condensate
densities” are small, i.e., if |ρR| 
√
S. The physical
meaning of ρ′R and ρ
′′
R can be revealed from an analy-
sis of Eqs. (2)–(4) and (18). It is easy to show that an
additional rotation of spins arises at site R in the spiral
plane (i.e., in the plane in which spins rotate) by an angle
having the form (see also Fig. 2(a))
ρ′R
1
cosα
√
2
S
. (19)
Appearance of ρ′′R leads to a correction δαR to the conical
angle α which can be found from the equation
S sin(α+δαR) = (S−(ρ′R)2−(ρ′′R)2) sinα+
√
2Sρ′′R cosα.
(20)
4η
S cosα
1/2
(2S) ρ΄
(a)
c
a,b
S sinα
1/2
(2S) ρ΄΄cosα
α
δα
(b)
FIG. 2: Parameters ρ′R and ρ
′′
R arising in Eqs. (18) due to the
defects lead, correspondingly, to (a) additional spin rotation
in the spiral plane shown by arrows and (b) to a correction
δα to the cone angle α.
It is seen from the results below that the last term in
Eq. (20) is much greater than (ρ′R)
2 + (ρ′′R)
2 by the pa-
rameter D/J at not very large field (i.e., at cosα ∼ 1).
As a result, one obtains from Eq. (20)
δαR = ρ
′′
R
√
2
S
(21)
(see also Fig. 2(b) for an illustration).
A. Defects in DMI only
We begin with the technically simpler case of uex = 0
and udm 6= 0. One infers from Eqs. (12), (16)–(18) that
the following system of equations should hold on every
site in order to eliminate terms linear in Bose-operators:
J
∑
ν
[
(2ρ′R − ρ′R+eν − ρ′R−eν )
(
1 +
c2νq
2
2
)
(22)
+2iρ′′R
(
1 +
c2νq
2
2
)
−i(ρ′′R+eν + ρ′′R−eν )
(
1 +
c2νq
2 sin2 α
2
)]
= udmcz
[√
S
2
cosα(1− iczq sinα) + iρR0 sinα
]
δR,R1 ,
+udmcz
[
−
√
S
2
cosα(1 + iczq sinα)− iρR1 sinα
]
δR,R0 .
In the absence of the “source” in the right hand side
(i.e., at udm = 0), Eqs. (22) yield ρR ≡ 0. One
concludes that the “source” provides ρ′ ∼ udm/J and
ρ′′ ∼ (udm/J)(D/J). The real part of Eqs. (22) reads in
the leading order in D/J as∑
ν
(2ρ′R − ρ′R+eν − ρ′R−eν )
= (δR,R1 − δR,R0)
udm
J
cz
√
S
2
cosα. (23)
One recognizes in Eq. (23) a discrete (lattice) variant of
a Poisson equation for an electric dipole which reads in
the continuous limit as
4ρ′ = −udmcz cosα
J
√
S
2
[δ(r−R1)− δ(r−R0)] . (24)
The well-known solution of Eq. (24) has the form
ρ′(r) =
udmcz cosα
4piJ
√
S
2
(
1
|r−R1| −
1
|r−R0|
)
. (25)
If the concentration of defects is finite, we have a sys-
tem with randomly distributed electric dipoles. Using
the electrostatic superposition principle, one concludes
that the contribution to average “electric polarization”
per unit volume P from each of these dipole is propor-
tional to cν so that we have
P = cˆ
c
3
udm cosα
4piJ
√
S
2
. (26)
Then, we find using the well-known electrostatic relation−→∇ρ′ = 4piP
〈ρ′(r)〉 = (r · cˆ) c
3
udm cosα
J
√
S
2
(27)
that results in a correction to the spiral vector δq ‖ q.
Using Eqs. (19) and (27), one obtains
δq =
c
3
udm
J
(28)
that is independent of the magnetic field. Such a linear in
dopant concentration correction to the spiral vector was
observed recently experimentally in Mn1−xFexSi.12,13
It should be pointed out that solution (27) lies in con-
tradiction with the requirement |ρ′R| 
√
S at large
enough R. It happens because the finite concentration of
defects changes the spiral vector. As a result, orientation
of some spins differs significantly from their orientation
in the pure system. However, Eq. (28) for the correction
to the spiral vector is correct. To show this, one has to
repeat the above derivations for finite c trying the spiral
vector in the form q′ = q + δq from the very beginning.
This leads to additional “charges” in system (22) whose
values are proportional to δq. As a result, one obtains
P = 0 and 〈ρ′R〉 = 0 instead of Eqs. (26) and (27) if the
value of δq is given by Eq. (28) (see also Ref.11 for more
details). Then, we conclude again (not violating the re-
quirement |ρ′R| 
√
S) that in average defects result in
correction (28) to the spiral pitch (6).
Now we turn to the imaginary part of Eqs. (22) which
can be rewritten in the form
q2 cos2 αρ′′R
+
∑
ν
(
1 +
c2νq
2 sin2 α
2
)
[2ρ′′R − ρ′′R+eν − ρ′′R−eν ]
= −udm
J
cz sinα
[√
S
2
czq cosα(δR,R1 + δR,R0)
− ρ′R0δR,R1 + ρ′R1δR,R0
]
. (29)
5It follows from Eqs. (29) that ρ′′R ≡ 0 at h = 0 (i.e., at
sinα = 0). It means that the spiral remains plane at
h = 0 and Eq. (28) recovers the result of our previous
consideration11 devoted to B20 helimagnets at zero field.
At h 6= 0, ρ′R0 and ρ′R1 arising in Eqs. (29) can be
found from Eqs. (23) for R = R0 and R = R1 which
have the form 6ρ′R0 − 4ρ′R0+ex − ρ′R1 − ρ′R0−ez = −
udm
J cz
√
S
2 cosα,
6ρ′R1 − 4ρ′R1+ex − ρ′R0 − ρ′R1+ez = udmJ cz
√
S
2 cosα,
(30)
where we assume that ρ′R0±ex = ρ
′
R0±ey and ρ
′
R1±ex =
ρ′R1±ey by symmetry. By numerical solution of Eqs. (23)
we observe that Eq. (25) obtained in the continuum limit
starts working well right from sites neighboring to the de-
fect bond in a broad range of parameters |udm| . D (see
also Ref.11). Then, using Eq. (25) for ρ′R0,1+ex , ρ
′
R0−ez
and ρ′R1+ez in Eqs. (30) and subtracting the first equa-
tion (30) from the second one, we find
ρ′R1 − ρ′R0 =
2udmcz
√
S
2 cosα
7J
4(1− 1/√2) + 1/2 + 4pi
4pi
.
(31)
Also taking into account that ρ′R1 = −ρ′R0 one obtains
from Eq. (31)
ρ′R1 = −ρ′R0 ≈ 0.16
udm
J
cz
√
S
2
cosα. (32)
Using Eq. (32), we come from Eqs. (29) to the following
equation in the continuous limit:
4ρ′′ − q2 cos2 αρ′′ = udm
J
c2z
√
S
2
cosα sinα
×
(
q + 0.16
udm
J
)
[δ(r−R1) + δ(r−R0)], (33)
which is a screened Poisson equation for two point
charges (cf. Eq. (24)). The well-known solution of this
equation has the form
ρ′′(r) = −udm
4piJ
c2z
√
S
2
cosα sinα
(
q + 0.16
udm
J
)
×
[
e−|q||r−R1| cosα
|r−R1| +
e−|q||r−R0| cosα
|r−R0|
]
. (34)
One can see that the quantity
λ =
1
|q| cosα (35)
plays a role of the “screening length”.
For finite defect concentration c we use the superposi-
tion principle of electrostatics and perform averaging over
disorder configurations utilizing formula
∫
d3re−r/λ/r =
4piλ2. As a result we obtain
〈ρ′′〉 = −2cudm
3Jq2
√
S
2
(
q + 0.16
udm
J
) sinα
cosα
, (36)
that leads to a correction δα to the cone angle α. We
derive from Eqs. (21) and (36)
δα = −2cudm
3Jq2
(
q + 0.16
udm
J
) sinα
cosα
. (37)
It should be noted that the correction δq to the spi-
ral vector could induce additional “imaginary charges”
which would modify the solution of Eqs. (22) for ρ′′.
Thus, the following additional term arises in the left hand
side of Eqs. (22):
− iJS
√
S
2
sinα cosα δq2. (38)
However, this term can be safely neglected because, ac-
cording to Eq. (28), it is proportional to c2.
Notice that if the magnetic field is close to its criti-
cal value hc2 (i.e., if α ≈ pi/2), the screening length (35)
and Eq. (37) could be infinitely large. It signifies that
our consideration is invalid at high enough field. It is
well known that according to the general theorem20 there
should be an intermediate state called Bose-glass between
the ordered and the fully saturated phases in systems
with continuous symmetry. The Bose-glass is a gapless
and compressible state (i.e., it has a finite susceptibil-
ity). Although DMI breaks the continuous symmetry in
our system, we anticipate an emergence of a glassy phase
between the ordered and the fully saturated states sim-
ilar to the conventional Bose-glass. Let us consider, for
example, defect bonds with D′ > D. In this case, regions
with high concentration of defects become magnetically
ordered earlier than the whole system upon magnetic
field decreasing (cf. Eq. (14)). Then, the disappearance
of the magnetic order upon field increasing is qualitatively
similar in our system to a percolation transition as it is
the case for transitions to Bose-glass phases.21
Interestingly, in Eq. (37) there is a possibility to change
the sign of δα twice by varying udm. Let’s consider q > 0,
and let’s assume that udm > 0. The in-plane angle be-
tween spins on defect bonds increases in this case so that
it is harder to magnetize such bonds. Then, it is in-
tuitively clear that such defects lead to a negative cor-
rection to the conical angle in agreement with Eq. (37).
There are two possibilities for negative udm. First, if
0 > 0.16udm/J > −q, the absolute value of the in-plane
angle between spins on the defect bond is smaller than
that in the pure system. Thus, it is easier to magnetize
such bonds and the conical angle increases in accordance
with Eq. (37). Second, if 0.16udm/J < −q, the spins on
the defect rotate in the opposite direction in comparison
with the pure system and the absolute value of the an-
gle of rotation is larger than that in the pure system (cf.
Eq. (32)). This should lead to ρ′′ < 0 and, in turn, to a
negative δα in agreement with Eq. (37).
6B. Defects in both DMI and exchange interaction
Let us consider now a general situation when both uex
and udm can be nonzero. In comparison with the analysis
made in the previous section, calculations become more
cumbersome. The counterpart of Eqs. (23) has the form∑
ν
(2ρ′R − ρ′R+eν − ρ′R−eν ) = (δR,R1 − δR,R0)
×
[
udm − uexq
J
cz
√
S
2
cosα− uex
J
(ρ′R1 − ρ′R0)
]
. (39)
This equations can be solved self-consistently as in Ref.11.
Denoting ρ′R1−ρ′R0 = γ, the solution of Poisson equation
(39) reads as
ρ′(r) =
(udm − uexq)cz cosα
√
S
2 − γuex
4piJ
(40)
×
(
1
|r−R1| −
1
|r−R0|
)
.
To find γ, we write down two equations from system (39)
for sites R1 and R0 (cf. Eq. (30))
6ρ′R0 − 4ρ′R0+ex − ρ′R1 − ρ′R0−ez =
−
[
udm−uexq
J cz
√
S
2 cosα− γuexJ
]
,
6ρ′R1 − 4ρ′R1+ex − ρ′R0 − ρ′R1+ez =[
udm−uexq
J cz
√
S
2 cosα− γuexJ
]
.
(41)
As in the previous section, we observe by numerical solu-
tion of Eqs. (39) that Eq. (40) obtained in the continuous
limit starts working well right from sites neighboring to
the defect bond in a broad range of parameters |udm| . D
and |uex| . J . Then, using Eq. (40) for ρ′R0,1+ex , ρ′R0−ez
and ρ′R1+ez in Eqs. (41) and subtracting the first equa-
tion (41) from the second one, we obtain
ρ′R1 − ρ′R0 =
2[(udm − uexq)cz
√
S
2 cosα− γuex]
7J
×4(1− 1/
√
2) + 1/2 + 4pi
4pi
(42)
≈ 0.16
2[(udm − uexq)cz
√
S
2 cosα− γuex]
J
= γ.
The last equality in Eq. (42) is the condition of the self-
consistency of our derivation, which gives
ρ′R1 − ρ′R0 = γ = 0.32
(udm − uexq)cz
√
S
2 cosα
J (1 + 0.32uex/J)
. (43)
Using this expression, we obtain from Eq. (40)
ρ′(r) =
Qrcz cosα
√
S
2
4piJ
(
1
|r−R1| −
1
|r−R0|
)
,(44)
Qr = udm − uexq
1 + 0.32uex/J
. (45)
As it is done in the previous section, we derive the fol-
lowing analog of Eq. (28):
δq =
c
3
udm − uexq
J(1 + 0.32uex/J)
. (46)
One can see from Eq. (46) that correction δq is zero if
udm = uexq. It is quite expected because this condition
means that the ratio D′/J ′ on the defect bond is equal
to its value D/J = q in the matrix.
The counterpart of Eqs. (29) has the form
q2 cos2 αρ′′R +
∑
ν
(
1 +
c2νq
2 sin2 α
2
)
(47)
×[2ρ′′R − ρ′′R+eν − ρ′′R−eν ] = −
udm − uexq/2
J
c2zq
√
S
2
× sinα cosα(δR,R1 + δR,R0)
+cz
udm − uexq
J
sinα(ρ′R0δR,R1 − ρ′R1δR,R0)
−uex
J
(ρ′′R1 − ρ′′R0)(δR,R1 − δR,R0),
where ρ′R1 = −ρ′R0 = γ/2 and γ is given by Eq. (43).
Values ρ′′R1 and ρ
′′
R0
appearing in the right-hand side of
Eq. (47) can be found in a self-consistent manner as it is
done above. As a result, we come again to the screened
Poisson equation (similar to Eq. (33)) for equal charges
located at R1 and R0. Its solution has the form (cf.
Eq. (34))
ρ′′(r) = −
Qic2z
√
S
2 cosα sinα
4piJ
(48)
×
[
e−|q||r−R1| cosα
|r−R1| +
e−|q||r−R0| cosα
|r−R0|
]
,
Qi = q
(
udm − uexq
2
)
+
0.16(udm − uexq)2
(1 + 0.32uex/J)J
.(49)
Using Eq. (48), we obtain for the correction to the conical
angle
δα = − 2c
3q2
[
q
udm − uexq/2
J
+
0.16(udm − uexq)2
(1 + 0.32uex/J)J2
]
sinα
cosα
.
(50)
In contrast to δq, δα 6= 0 at udm = uexq due to the first
term in the brackets in Eq. (50). This effect originates
from the nonlinear dependence of the cone angle on D (cf.
Eq. (7)). Then, even if q is not affected by impurities,
there is a distortion in the conical angle.
C. Elastic neutron scattering
We perform an analysis similar to that presented in
Ref.11 to find the elastic neutron scattering cross section
given by the general expression22
dσ
dΩ
∝
∑
R1,R2
eiQ(R1−R2)
∑
χ,η
(δχη − Q̂χQ̂η)〈SχR1〉〈S
η
R2
〉,
(51)
7where Q is the momentum transfer, Q̂ = Q/Q, χ, η =
a, b, c, and 〈. . . 〉 denotes an average over quantum and
thermal fluctuations (it should not be confused with av-
eraging over disorder configurations). Using Eqs. (2)–(4)
and (18), one derives the following expressions for spin
components in Eq. (51):
〈SaR〉 =
[
S − (ρ′R)2 − (ρ′′R)2
]
cosα cosq′R (52)
−
√
2Sρ′R sinq
′R−
√
2Sρ′′R sinα cosq
′R,
〈SbR〉 =
[
S − (ρ′R)2 − (ρ′′R)2
]
cosα sinq′R (53)
+
√
2Sρ′R cosq
′R−
√
2Sρ′′R sinα sinq
′R,
〈ScR〉 =
[
S − (ρ′R)2 − (ρ′′R)2
]
sinα (54)
+
√
2Sρ′′R cosα
which have to be used in averaging over the disorder re-
alizations (see, e.g., Ref.11 for more details). The main
results of the particular calculations are the following.
There are magnetic Bragg peaks at momenta transfer
Q = ±(q + δq) + τ = ±q′ + τ and Q = τ , where τ
is a reciprocal lattice vector. In the conical phase, their
spectral weights are proportional to cos2 α and sin2 α, re-
spectively. There are also small corrections proportional
to c to these spectral weights due to the disorder. Then,
there is a diffuse scattering from defects. In the first or-
der in c, it is related with the double Fourier transforms
of ρ′R1ρ
′
R2
, ρ′R1ρ
′′
R2
, and ρ′′R1ρ
′′
R2
from a single defect,
where the line denotes averaging over disorder realiza-
tions (see Ref.11 for more details) and we also neglect
terms containing products of more than two ρ. Due to
the long-ranged character of the dipole field, the contri-
bution from ρ′R1ρ
′
R2
is the most singular one. We obtain
for it after tedious calculations
(
dσ
dΩ
)′
∝ N c
3
S2
(Qr
J
)2
1 + Q̂2c
2
cos2 α
∑
τ
∑
ν=x,y,z
c2ν
×
(
1− cos (Qν + q′ν − τν)
(Q+ q′ − τ )4 +
1− cos (Qν − q′ν − τν)
(Q− q′ − τ )4
)
,
(55)
where Qr is the “charge” given by Eq. (44). Thus, we
conclude that the disorder leads to power-law singular-
ities at Bragg peaks positions with Q = ±q′ + τ . In
contrast, there are only regular corrections from ρ′R1ρ
′
R2
to spectral weights of Bragg peaks at Q = τ . Our anal-
ysis shows that with the accuracy of our calculations
ρ′R1ρ
′′
R2
gives zero. We derive the following correction
to the cross-section from ρ′′R1ρ
′′
R2
:
(
dσ
dΩ
)′′
∝ N c
3
S2
(Qi
J
)2
1 + Q̂2c
2
sin4 α cos2 α
×
∑
τ
∑
ν=x,y,z
c4ν
(
1 + cos (Qν + q
′
ν − τν)[
(Q+ q′ − τ )2 + q2 cos2 α
]2
+
1 + cos (Qν − q′ν − τν)[
(Q− q′ − τ )2 + q2 cos2 α
]2
)
+N
2c
3
S2
(Qi
J
)2
(1− Q̂2c) sin2 α cos4 α
×
∑
τ
∑
ν=x,y,z
c4ν
1 + cos (Qν − τν)[
(Q− τ )2 + q2 cos2 α
]2 , (56)
where the “charge” Qi is given by Eq. (49). Thus, all
Bragg peaks acquire power-law decaying tails originating
from the diffuse scattering cross section(
dσ
dΩ
)
diff
=
(
dσ
dΩ
)′
+
(
dσ
dΩ
)′′
. (57)
IV. SUMMARY AND CONCLUSION
In the present paper we theoretically discuss B20 he-
limagnets with defect bonds in external magnetic field
H in the conical phase. We assume that both exchange
coupling and DMI are changed on defect bonds. In pure
system a conical spiral ordering appears with the spiral
vector q directed along the field. We show that impu-
rities lead to a distortion of the magnetic order which
can be represented at each site as variations of the spiral
pitch and of the cone angle. In one-impurity problem,
the distortion in the spiral pitch is long-ranged and it
is governed by the Poisson equation for electric dipole
whose solution is given by Eq. (44). The variation of the
cone angle arises at finite magnetic field only and it is de-
scribed by the screened Poisson equation for two electric
charges, which solution has the form (48).
At finite defect concentration c  1, in the first or-
der in c by averaging over disorder realizations we cal-
culate corrections to the spiral vector and to the cone
angle. We find that the spiral vector direction remains
unchanged and the correction magnitude is independent
on the magnetic field being given by Eq. (46). This lies in
agreement with recent experimental findings of Refs.12,13
in Mn1−xFexSi at small x. The sign of the correction
can be either positive, negative or zero, depending on
the model parameters. The variation of the cone angle is
given by Eq. (50).
Cross section of the elastic neutron scattering is dis-
cussed. It is obtained that there are magnetic Bragg
peaks at momenta transfer Q = ±q′ + τ and Q = τ ,
8where q′ is renormalized spiral vector and τ is a recip-
rocal lattice vector. It is shown that disorder leads to
a diffuse elastic scattering having the form of power-law
decaying tails centered at the Bragg peaks positions (see
Eqs. (55)–(57)). Unfortunately, the available experimen-
tal results on neutron scattering do not allow a detailed
comparison with our findings. We hope that the latter
can be useful in interpretation of further experiments.
Our results are inapplicable at strong magnetic fields,
when the system is close to the transition to a glassy
phase intervening between the ordered and the fully sat-
urated states.
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